Clinical and biochemical data Clinical data as well as dialysis prescription and its adequacy were evaluated before the study, and every 3 months during the study. The clinical data included incidents (number) of blood transfusions, intradialytic hypotension, acute coronary events and arrhythmias, transient ischemic attacks, vascular ischemic events, hospitalization, and deaths.
Data on the mean arterial pressure, heart rate, Kt/V, and interdialysis weight gain were collected during follow-up. Routine biochemical measurements (CRP, albumin, iron status, calcium, phosphorus, parathormone, lipid profile, and complete blood count) as well as measurement of β 2 -microglobulin, lipoprotein(a), and homocysteine levels were performed at baseline and every 3 months. Serum β 2 -microglobulin concentrations and lipoprotein(a) were measured by tnephelometry using immunonephelometrical kits (Dade Behring GMBH, Marburg, Germany). The plasma concentration of homocysteine was measured by an enzyme-linked immunosorbent assay (IBL International GmbH, Hamburg, Germany). Blood samples were collected after overnight fasting before midweek hemodialysis sessions. middle-molecular weight uremic toxins. The use of ultrapure bicarbonate dialysate and downregulation membrane reactivity increase biocompatibility of this type of dialysis. Elderly patients and those at high cardiovascular risk may also benefit from high-flux dialysis through better hemodynamic tolerance and improved cardiovascular stability. [5] [6] [7] [8] Nanotechnology membrane fabrication procedures provide Helixone®-a high-flux polysulfone membrane-with a highly defined pore structure and distribution at the innermost, separating region of the membrane. The technological advances of the Helixone® membranes are all aimed at improving dialysis treatment and patients' quality of life. [9] [10] [11] The aim of the study was to evaluate cardiovascular risk factors in patients undergoing dialysis with a high-flux membrane in comparison with those undergoing dialysis with a standard low-flux polysulfone membrane. Patients were treated with high-flux and low-flux polysulfone membranes for 6 months each, with a 4-week washout period in between.
PATIENTs ANd mEThOds Characteristics of the study group This was a crossover randomized study in 90 stable patients on hemodialysis (mean age, 52.5 ±9.8 years) from 6 dialysis centers in Poland. Before enrollment, all patients were dialyzed using polysulfone dialyzers and were randomly assigned either to a low-flux membrane (F8 HPS Fresenius Medical Care, Bad Homburg, Germany) or switched to a high-flux membrane (FX100 Helixone®, Fresenius Medical Care). Group 1 comprised 55 patients who were treated with high-flux dialysis during the first 6 months, and, after a 4-week cross-over washout period, with low-flux dialysis for the next 6 months. Group 2 comprised 35 patients who underwent dialysis first with low-flux membranes, and, after a 4-week crossover washout period, they were switched to high-flux membranes for the next 6 months. The approval of the local ethics committee was obtained, and all patients gave written informed consent to participate in the study.
All except 3 patients had hypertension and received 1 to 4 antihypertensive drugs (reninangiotensin-aldosterone system antagonists, β-adrenergic blockers, or calcium channel blockers). Seventy patients were taking calcium carbonate at a mean daily dose of 4.2 ±2.8 g; 11 patients were taking calcium acetate at a mean daily dose of 4.3 ±2.9 g; and 69 patients were taking alfacacidol at a dose of 0.3 ±0.13 mg/d. Sevelamer was administered at a mean dose of 1800 mg/d in 8 patients. Diabetes was reported in 15 patients (22.2%), and coronary heart disease in 25 (37.0%). All patients were in a clinically stable condition.
Inclusion and exclusion criteria The inclusion criteria were as follows: age, 18-65 years; duration of hemodialysis, at least 3 months; among the groups were analyzed with the t test and Mann-Whitney test. The χ 2 test was used for categorical variables. The Friedman's analysis of variance was used to assess the significance of longitudinal changes. All statistical analyses were performed with the Statistica 7.1 software (Kraków, Poland).
REsuLTs Low serum albumin levels (<38 g/l) were observed in 11.1% of the patients, while elevated CRP levels (>10 but <30 mg/l) in 23.3%. Two patients died during the study. The adequacy of dialysis was stable during follow-up. There were no differences between groups 1 and 2 with respect to clinical data. Most of the biochemical parameters were stable during the 12-month follow-up in both groups. In group 1, β 2 -microglobulin and lipoprotein(a) levels decreased significantly after the first 3 months of high-flux dialysis (34.7 vs. 29.3 mg/l; 1.0 vs. 0.2 mg/dl, respectively). Moreover lipoprotein(a) levels decreased significantly after 6 months (0.2 vs. 0.1 mg/dl), while albumin concentrations significantly increased after 9 months (38.4 vs. 40.2 g/l). In group 2, a significant decrease in β 2 -microglobulin levels was observed after switching from low-flux to high-flux membranes (40.8 vs. 34.8 mg/l; P = 0.01) (TAbLE 1) .
To obtain more powerful statistical data, calculations were made in the whole study population (n = 90). After 6 months of high-flux dialysis in each group, we observed a significant decrease in β 2 -microglobulin, lipoprotein(a), CRP, and parathormone levels, and a significant increase in serum albumin levels. A tendency for a decrease in homocysteine levels after 6 months of high-flux dialysis was also observed.
The adequacy of dialysis treatment was estimated by Kt/V.
Echocardiography Echocardiography (Phillips HP 11XE with a 2-3 MHz transducer) was performed at baseline and every 6 months before the midweek dialysis session by 2 independent investigators. The mean value was calculated from 5 consecutive cyclical measurements. In parasternal long-and short-axis views, systolic and diastolic left ventricular dimensions, interventricular septum thickness, and posterior wall thickness were measured together with aortic annulus, left atrium, and right ventricular diameters. Cardiac output was calculated by multiplying the aortic area and aortic flow interval and heart rate. The cardiac index was calculated by dividing the cardiac output by the body surface area. Pulsed Doppler measurements of the left ventricular mitral inflow from the 4-chamber apical view, where sample volume was placed at the level of valve tips, included mitral early peak velocity of early and atrial waves. The ratio of early to atrial velocity was calculated. Isovolumic relaxation time (IVRT) was measured as the time between aortic valve closure and mitral valve opening. The echocardiographic assessment of pulmonary artery pressure (PAP) was performed by measuring tricuspid regurgitant jet velocity (TR) and adding estimated right atrial pressure, depending on the inferior vena cava diameter. The obtained parameters were used to calculate PAP using the modified Bernoulli equation: PAP = 4V2TR + RAP (mmHg).
statistical analysis Data were expressed as means ± standard deviation. Statistical significance was set at a P value of 0.05 or lower. Differences with diabetes treated with high-flux dialysis in comparison with patients with diabetes or low albumin levels treated with low-flux dialysis. 19 In our study, we compared the effects of a high-flux membrane (Helixone®) with those of a standard polysulfone membrane on β 2 -microglobulin removal, levels of lipoprotein(a) and inflammatory markers, and clinical outcome. During 6 months of using high-flux membranes, we observed a significant decrease of β 2 -microglobulin, lipoprotein(a), and CRP levels and a nonsignificant decrease of cardiovascular risk factors such as parathormone and homocysteine, which is in line with the available data.
7,20-22 The elevated levels of β 2 -microglobulin and lipoprotein(a) and acute-phase response activation may contribute to excessive cardiovascular mortality related to atherosclerosis in patients on maintenance hemodialysis. 23 A decrease in β 2 -microglobulin levels during high-flux dialysis has been reported before. 24,9,22 In our study, the Helixone® membrane, similarly to other high-flux membranes, was more effective in β 2 -microglobulin removal compared with low-flux membranes. However, Mandolfo et al. 24 reported that the rate of reduction in β 2 -microglobulin levels was related to a larger dialyzer surface. A larger surface area could also be responsible for a more efficient β 2 -microglobulin removal in patients dialyzed with the Helixone membrane, which had a surface of 2.2 m 2 compared with a surface of 1.8 m 2 for the low-flux membrane. However, a significant decrease in lipoprotein(a) and CRP levels and an increase in the albumin concentration may be related to other features of the Helixone membrane than the surface area. [9] [10] [11] A clinically important finding of our study was a reduction in serum CRP concentrations. An association between inflammatory cytokines and dialysis modality was suggested by other authors. 25 An inflammatory process (increased levels of interleukin 6 and CRP) has been reported in hemodialysis patients. It may have several potential causes including bacterial contamination of the dialyzer, dialyzing membrane incompatibility, and vascular access. 26, 27 Our results suggest that a long-term use of Helixone® membranes is associated with a decrease in CRP levels. However, the effect of other factors such as the time on maintenance dialysis or simultaneous pharmacological treatment cannot be excluded. However, we may assume that the decrease was caused by the use of biocompatible membranes.
A unique manufacturing technology provides the Helixone® membrane with a highly defined pore structure and distribution at the innermost, separating region of the membrane. This technological advancement is aimed at improving the therapy, mostly by ensuring biocompatibility and thereby reducing inflammation in patients on maintenance hemodialysis. Other authors reported that the Helixone® membrane has high hemocompatibility and endotoxin retention capacity.
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In both groups, left ventricular hypertrophy was observed. After 6 months of high-flux dialysis, a nonsignificant tendency for an increase in the cardiac index and cardiac output as well as a decrease in IVRT were observed in both groups (TAbLE 2) . dIsCussION The European Best Practice Guidelines 3 recommend the use of high-flux membranes to delay long-term complications of hemodialysis therapy. Use of these membranes reduces the risk of dialysis-related amyloidosis, improves calcium and phosphate balance, reduces the use of erythropoiesis-stimulating agents and the need for anemia treatment, and reduces cardiovascular risk.
13,14 However, the Haemodialysis (HEMO) Study (HEMO) 15 showed no difference in survival between patients treated with low-flux dialysis and those treated with high-flux dialysis. Nevertheless, the subgroup analysis in the HEMO study suggested that the use of high-flux membranes decreased the risk of death from cardiovascular causes. Moreover, it showed that mortality was inversely correlated with the β 2 -microglobulin concentration, especially if associated with inflammation.
16,17 Also, the Membrane Permeability Outcome (MPO) Study, 18 which examined the survival of 647 patients depending on dialysis modality (high-flux vs. low-flux), showed that there was no difference between the 2 studied groups. However, a further analysis of the MPO study showed a decreased risk of death in patients with a serum albumin level of 40 g/l or higher and in patients The data were expressed as mean ± standard deviation.
Abbreviations: Ao -aortic ring diameter, CI -cardiac index, CO -cardiac output, E/Aearly to atrial mitral inflow velocity ratio, HR -heart rate, IVC -inferior vena cava, IVDd -interventricular septum diastolic diameter, IVSd -interventricular septum systolic diameter, IVRT -isovolumic relaxation time, LAd -left atrial diameter, LVEDdleft ventricular end-diastolic diameter, LVESd -left ventricular end-systolic diameter, PAP -pulmonary artery pressure, PWDd -posterior wall diastolic diameter, PWSdposterior wall systolic diameter, RV -right ventricle Wanner et al. 3 reported a significant decrease in oxidized low-density lipoprotein levels and a significant improvement in lipid and apolipoprotein profiles in patients treated with a Helixone membrane.
In our study, the main abnormality on echocardiographic examination was cardiac asymmetric hypertrophy of the left ventricle. The parameters of the left and right ventricles and the inferior vena cava were stable during the study. A nonsignificant but clinically important increase in the cardiac output and cardiac index as well as a tendency for a decrease in prolonged IVRT in patients on high-flux treatment were observed, suggesting that high-flux dialysis with the Helixone® membrane could improve cardiac systolic and diastolic function in dialysis patients. The values of the cardiac output and cardiac index with a stable aortic root diameter and heart rate increased only because of higher aortic flow velocity, which suggests an improvement in systolic left ventricular function. A negative correlation between the degree of renal dysfunction and impaired left ventricular relaxation has been well-documented-the lower the glomerular filtration rate, the longer the IVRT. 28 The normal IVRT value in the fourth and fifth decades of life is 79 ±11 ms. In our study, IVRT was prolonged (the mean value was 102 ±38 ms). 29, 30 We believe that advances in the treatment with high-flux membranes might result in improvement of the left ventricular diastolic function and reduction in IVRT.
In conclusion, our study showed that dialysis with the Helixone® membrane, but not with a low-flux polysulfone membrane, improves middle--molecular clearance. In addition, we showed that a reduction in chronic inflammation during dialysis with a high-flux membrane may decrease cardiovascular risk. However, further research with longer follow-up is needed to verify our echocardiographic findings and to assess the effect of the Helixone® membrane on cardiovascular risk factors.
